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» O W.i .... _ . f 

A number of tests were conducted at deni el dug en- 
heim Aeronautical Laboratory to determine the effects 
of rapid loading and repeated rapid loading on counter- 
sunk riveted joints* This investigation v.ao conducted 
to indicate the importance and possibilities of future 
study in this field. 

The rapid loading test results are compared to 
slow loading tests and to ANC-5 and Aircraft Industries 
Association of America values. 

A hydraulic testing machine designed for these 
specific tests was constructed and placed in operation* 
A general discussion of the testing machine and its 
operation is included. 
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IX. Xl'«t o.*. » Ij o x j. oii 



The published data on the behavior of riveted 
joints un er repotted lords is still very meaner, and 
the method of testing joint'' under repeated loaus hi o 
not been standardized* A preliminary study of the 
available tests shoved that the time interval required 
to apply the maximum load to a test specimen h> s net 
been considered important; this assumption muue by 
other investigators ha3 risen from fatigue test x^oce- 
dure in which the rr te of loading has been found unim- 
portant. T’atigue tec ts are usually run at relatively 
low stresses, below the yield strength of the material, 
and in such cases the rate of lording apparently does 
not affect the strength of the joint. In riveted joints 
local stress conditions may be aoove the yield strength 
of the material and the time interval required to apply 
the load becomes of great impel tanco. 

The purpose of this investigation was to d t ermine 
the effects of a raaidly applied load upon the strength 
of a countersunk riveted joint, and to determine the life 
of such a joint under repeated rapid loadings. Realiz- 
ing that an aircraft frame cannot be subjected to true 
shock loeda, but that it is subject to rapidly applied 
loads with a finite rate of loading, an effort has been 
made to test with rapid loading but not shock loading. 
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The riveted teot specimen established for t liu 
study consisted of r. simple butt joint with a joint 
backplate one gauge thicker than the sheet. The 
rivet pattern consisted of single rov/s of three rivets 
placed symmetrically on each -ice of the joint. Gee 
figure (1) for dimensions of a typical flush riveted 
specimen. 

Several types of test specimens were considered, 
and the above type joint was selected for several 
reasons. Realising that this study would contain a 
large number of uncontrolled variables, ouch as work- 
manship and tolerances, it was felt a joint t^.t would 
assist in averaging the results would be advantageous. 
Assuming that half of the total permanent 3et of che 
joint is due to each half joint (i.e., the single lap 
joint) a certain averaging could be obtained. The use 
of three rivets in a single row in each half of the butt 
joint and following through with the assumption that 
half the butt joint would be responsible for half of the 
permanent set of the joint, further averages the result- 

i 

ing permanent set in that each rivet is assumed to defera 
the same as all other rivets in the joint. 

The selection of the single ro?;s of tliree rivets was 
also influenced by the desire to correlate results with 
A.l.^.A., Airworthiness Project 12, (Ref. 3), who for t.ie 
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most part hi-': utieu a single rov. of three riietc. in a lap 
joint. The butt joint selection was also foil tc 
aore representative of aircraft construction. 

All specimens are icent-iied by codec du^L numbers. 
The permanent dash number is divided into two ^aIs; 
the first digit signifies tue nominal diameter oi the 
rivet in thirty-seconds of an inch, and the remaining 
digits signify the thickness of the countersunk sheet 
in th ou s end s of an inch. The letter iollov. ing she dash 
denotes the manufacturer of the specimen and ti.e remain- 
ing digits represent the specimen number. Thus, 451-GG 
signifies a 4/32 or l/8 ixich rivet, countersunk in a 
0.051" sheet, manufactured by Guggenheim Laboratories, 
C.I.T., and the sixth such specimen furnished. 

Materials chosen for these specimens are as follow.*: 
(1) Sheet material is of 243-T aluminum alloy. (2) Rivets 
are 100° flat head rivets of A17S-T aluminum alloy. 

Detailed drawings and the specifications of the test 
specimens are shown in figs. 2 and 3. 
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A. Description of Jesting machine. 

1. ?.*rts List for i eating Haehino. 

B. Time Interval to Apply Laxi-nuia Load. 

C. 'Jesting Procedure. 

1. General. 

2. Operation of Repeated Lone hydraulic 
Jesting llachine. 

a. Test Type- -01 o’* Loading vs. 
Permanent Set. 

b. Test Type- -Rapid Loading vs. 

P orman ent Set. 

c. Test Tyoe--Oycles vs. Permanent 
Set at Con: -ai 



it Maximum Loading. 



A. _>esori ti • : of _ c t in 0 1 ci.ire 

The testing at chine m c\ ir. thi study ,ts 
especially designee and const ructeo for the te Is to 
be conducted by the authors end co-voriei'r oi a i*el: t- 
ecl study. The general specific tionc for the ce.virg 
•machine as required by the problems being inver tig: ted 
v/eres 

(1) Repeated loads. 

(2) Rapid loading (not shock loaning). 

(3) Variable loading. 

(4) High number of cycles and adaptability. 

A me cl; nical te. ting machine was first considered 



but \ as goo n discarded when it a as found that the con- 
pi i cat i car of removing the inertia of moving p<..rts, 
repeating the a me lot C in conditions in spi’t of del oraa- 
tion of the test specimens, and obtaining some degree of 
adaptability could be more easily overcome by a ..ydraulic 



testing m£ chine. 

A hydraulic te ting 'ft;, ci ine, cl; own in f.i.;ure 4 and 
figure 5, was then designed to provide the general require- 
ments* To e'li ilrute the inertia of fluid movement, the 
hydraulic system of the testing machine v/ae designed in 
two individual parts. The prim ry system consisting of, 
and in order of flow, (see Pig. 6); a reservoir, strainer, 
pump, pressure regulator volve, and return to the reser- 
voir. This primary system also cents i nea a pressure relief 



-e- 



vi lve to t eke over 



the pressu e c :r r. 1 it ^vetit 
malfunctionin': of t he prcsf u e regal ter valve, t r/.. 



an nccumul. toi to stabilise any prer.su' e fluotu; L : one . 
This priii* ry sy. . e-i r s designed to op r- te b<=t\ tsen 
75 psi. .i'd 1000 p i., end i gressu; e regux.. L .. v* lve 
of such reside t ae used. .’he second -ry eyt; es 
designed to be essentially a ^ero i lo>.' eye tern 
served only to tiu nsnit the pressure in t;*e pri ... ry 
syste.n. to a cylin ' er in suitable pulsations. The sec- 
ondary system com lets of a solenoid operated pilot 
valve and the c/Klinder. The addition of suitable g. gc-s 
and a very lightly lott-ed ceec . valve in the return to 



the reservoir line to prevent the exhausting oi the 
hydmulic i'lui .. from the cylinder, comprises the sec- 
ondary system. 

It v;s faun' advisable tu provide a shut -of:" v* lve 
in t^e gape line to prevent pounding of the ••<. c t ud 
subsequent in; ccur; ci es . Vila rtnge o' lo. dr the c..n oe 
supplied by this syste ; ere -j to 11,500 lbs. J..e use of 
ci .'i event sizes of cylinder* u .<es the range of i ccur;.- 
ciea variable. .’hat is, the s ialler the cylinder usee, 
the greater the occur; cy of the load. 

The hydraulic pu ip is driven by t f ive .mrs epov.er, 
o phase, . LO volt elect, ic lotor thr ugh a reaaoti- n gear 
box. h dhe dec .rice My o. -r; «a pilot valve is .. red 



points ge; red to a small 110-volt motor, fhe hydraulic 
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pump lotor, the s^lenoi , and the tiring iotov ii'c 
c ritr- lieu by seyai ; -e ovitcaoo, which c llow <- number 
of different type tests to be run. ^ee Pig. ' for 
electrical wiring chenac i c. 

The general structure of trie testing machine re- 
sembles a table with a lower shelf. The i.ydraulic 
pa up aotor, gear reductor, hyuraulic pump, reseivoir, 
accumulator, safety valve, and the strainer are 
positioned on the lower shelf as shown in Tig. 8. The 
top of the table suppoi'ts the gages, electrically- 
operated pilot valve, lining motor, breaker points, 
counter, pressure regulator, and switches. A b"x5 H H 
beam situr-ted at the rear ox the table top provides 
the strength member for the testing. To this beam 
is fastened the hydraulic cylinder. The rest 01 the 
top of the machine is available for work space. All 
of the hydraulic lines are placed between the shelf and 
the table top to separate them from the gre ter part 



of the electrical devices, a position which is readily 



accessible. 



This testing machine rapidly applies a 
predetermined value and holds this load for 
one-half second. The machine is capable of 
the same load'. ng conditions fifty-two times 



load to a 
approximately 
repeat irig 
u minute. 



10 - 



1 



cL. ne 



. Tarts List for .’eating it 



i ct. -10 


7lkP- 


Accu iiulc tor 


Vickers* 400 pressure 


Counter 


Veoder-Hoot, Large i'igure 


Cages 


Hydraulic, Marshalltown Lif g> Co. 


Gear He duct or 


Boston Keductor, ?.0C-1 ratio. 
Cat. AiO 1 . HB - o 


hydraulic Check Valve 


Universal, Opening pressure 1 ' 


Hydraulic Cylinder 


1.5“ Liaiaeter 


Hydraulic Pump 


Pesco, Gear type, Lerial Bo. 
PPC-C 500 


Hydraulic Pump Ho tor 


estinghouse Induction Motor, 
5 II.?., 5 phc.3e 


Pilot Valve IColenoin) 


Vickers, CK-2502-i;A-HU0-uX-SO 



Pressure Regale ting Valve Vickers CK-2502-AC-CO 



Pressure Relief Valve 


C 5314149, 1250-1500 psi. 


Reservoir 


6.6 gal. capacity 


Rheostat 


V ax- i c bl e ad j u s t rnent 


strainer 


Cuno 



Aiming Motor and near Box 0.01 H. ?. motor 
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3. T i.je Inter 



\ <•! to ,ppply Llaximum Lo, J. 



The tine interval to a ply maximum lo with t..e 
one and one-half inch cylinder use was obtaiueo with 
the electronic apparatus shown in- Fig. 19 arte Fig. 2u. 

Two Cl strain gauge- 1 vore placed on opposite sides 
of the speci-aeri and connected. in series to el imiriat e 
the effects of bending, .’it. e t- train gauge .’oun.ed 
on the specimen are shown ir: Fig. 17. The o .it pet of 



the sir; in gauges was amplified by the pre-amplifi el- 



and placed on the Y-axis of a Dumont 247 Csci lloocope. 
The pre-amplifier has a flat f . o uency response bet’, eeri 
seven cycles tnd twenty KC . A Hewlett-Packard oscil- 
lator was used to supply a five hundred cycle vc.ve 
us a time axis calibration, f he Dumont Oscilloscope 
has a provision for the use of an externrl pulse to 
start the trtce, and an initial or was constructed to 
trigger the oscillo cone &t the instant the pilot 



valve V/ as energized. 



j». ctmeva attached to the oscilloscope made possible 
the recording of the tin ce obtained. Fig* . 11 to 1G 

inclusive show the results received from the apparatus. 
The perlcs of the tine reference wave appearing in the 

figures are 0.002 seconds apart, fhe gradual reduction 
in the verticil height of the trace ; fter the load hae 
reached the maximum value is due to the decay of the 
pre-amplifier. Tests conducted on the same testing 
nr chine in Reference 11 with a lleiland Recording Oscil- 



c jns c i.nt of t or the 



lose pe ahov. the t the lot'l reiains 
maximum value ho:, been reached. Tne 5. ne te to iru. ic f ted 
that the m; ximum value of the lofd was that mot cc ted 
by the pri-rry hydraulic system pressure gage. t'hc 
nr in: ry prescu e gage '-.os calibre te^ 1 with the c y i L n ■ or 
on the p.iehle static te tine ^ chine, The calibration 
curve is plotted in Fig. 10* 

The change in "the ime interval to apply maximum 
load at low and h i gh loads is not fully explainable, 
but is believed toe accumulator may affect the jiff crenoe. 
The accumulator is effective at the high loose and in- 
effective at the low 1c s. 

The pricury ret son for obtaining the Load vs. Ti .e 
Traces v/as to insure that no vc hue of the loan existed 
clove trie lot d indicated by the primary hyart ulic system 
pressure rage, and to determine to some extent tne order 
of the time intervtl to obtain maximum lot C . The time 

V 

interval to rpply mr ximum load at a load of 50b/ develop- 
ed by the one and one-half inch cylin ei is u.038 socont s. 



.’he time interval to apply mrxi aum load c f a loa, of 
585 developed by the one and one-half inch cylinder . s 

i 

J.013 seconds. These two loads developed by the one and 
one-half inch cylinder fall above and below the system 
pressure at which the accumulator becomes effective. 
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ve ting Procedure 



1. General 



The result s presented in thie invest i.^-ti “n v.ore 



obtained 

'Machine 



with the Leper tea Lord 
eccribed in Fart 17- A. 



Hydraulic 1’ eating 
The operation of 



the testing machine ic die. cussed in detail ir Part 17-0a 



The general testing procet jvc was as fello..s: 



(1) Verification of joint averaging assump- 
tions a s discusser in Part III by testing 
butt and lap joints, 

(2) Determination of the effect of rapid load- 
ing by testing similar specimens with slow 



loading and with tepid loading. 

(3) Determine. t ion of the effect of repeated 
rr-pid loads on si milar specimens. 

The permanent set of the joint in each test listed 
above was met. cured with a traveling microscope shown in 
Fig. 9„ and the peroianent set of trie rivet was deiined 
as half the permanent set of the butt joint in keeping 
with assu.ipt lent* discussed in Part III. 



2. Operation procedure of Dspeated Load Hydraulic Testing 
da chine 

c. Te t Tp pe--Slov. LoaJIxig vs. Permanent et. 

ll; heasure rivet l^int length mounted in 
machine. 

[2) Check timing mo lor for closed contacts 
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is. 




S/o/ 



pc pi t i on 



(3) 


Che cl 


■c operrti 


>n of solo 


>io i ■' o’ u 


a ■ t 


eel 




pilot valve. 










l*) 


Turn 


pressure 


go _ e vt Ive OK (hi 


ndl 


e 




horizontal) . 










(5) 


Turn 


pressure 


x egul^.tor 


valve j. 


-11 


the 




v< ay co unt er- cl 


ockt/ise. 


• 






(0 


Turn 


01*. hy’rai 1 


.lie pump 


<iotor. 






(?) 


Turn 


OK pilot 


valve svfi 


tell. 






*(8j 


Turn 


pressure 


regulator 


valve clo-c 


..vise 




until desired 


p^ essure 


ir registex 


ed. 


(9) 


he crease load 


to zero. 








(10) 


Turn 


G’T pilot 


valve sv 


itch. 






(11) 


Turn 


01T hydra 


i,ulic pump 


motor. 






(12) 


Measure rivet 


joint len 


gth. 






(13) 


Repeat 6 through 12 for 


e*.ch dec i 


ed load in 



b. Test Type--Rapid Loading vs. Permanent bet. 

\l) lenoure rivet joint length moun eu in na- 
chine. 

U) Check timing motor for closed contacts 
position. 

(3) Check operation of solenoid ejected 
pilot valve. 

(4) 'Turn pressure gage valve Q] (han-ie hor- 
izontal). 

(-) Turn pressure regulator all the vay counter 
clcc!:\ iso . 
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(G) ’urn GI by raulic /a io -lot or. 

* (”) Turn precsu e regul -or valve cU*j'/i ine 
until desired pressure is obtained. 

(8) iurn 01. pilot, valve sv. itch. 

(9) Turn oib Pilot valve switch. 

(10) Turr pressure regulator valve counter- 
clockwise until aero pressure is regist re: . 

(11) .urn OFF hydraulic pump motor. 

(12j Measure rivet joint length. 

(13) Repeat 6 through 12 for e: eh ue^ired lot cling, 
c. feet ?ype--0ycles vs. Permanent Get at Gone t ant 



Taxi .ium Loading. 

(l) Pleasure rivet j jint len.'tr. i.; .lu.-.nled in 



raachi ne. 

(2) Check timing motor for "open contacts” 
position. 

(3) Turn counter to aero. 

(4) V urn pressure reg.lct.r v, Ive all the v.cy 
ccun . cr-clocicvioe. 

(5) Turn pressure gage valve QL r (lur; le horia mu; 1, 

(6) Turn OR hydraulic pump motor. 

*(7) T urn pressure regulator valve clockwise un:il 
desired pressure is regit i red. 

l8) .urn OFF pressure gage valve. 

(9) Turn on simultaneously both t lira motor ana 
pilot valve. 



* * * 






f t or -esired number of cycles mrn OFF hot i 



-1C- 



tiling Aotoi and i lot va Ive rv. itches 
siui. ltar.e -usly. 

^11) Turn OFF pug, .lu, i. 

^12) hessure rivet j >i:.t length. 

\12) Repeat 5 through 12 until couplet i n ci 
test. 

*daution is advised xn i iproi cl. mg u cto&ircd pressure. 
The pressure increase for a ^iven .luvc.aer.t of tue res- 
su~e regulator valve increases as the pleasure increase! 
and is sensitive in the r c niju hoove TO J psi, exhibiting 
extreme sensitivity it higher oiescuics. over : inr 
the desired pressure .ary result in uncrutious operation. 
**?urnir>g off the pressure gage v. Ive prevents found- 
ing of the rage. Ir. extended operation it nay bo ad- 
visable to set the pleasure, turn the pump motor CIV* 
allowing the pressure to return to zero, then turn the 
gr ge valve OFF. Restarting the nunp motor causes the 
pressure to return to the valve setting, but the gr ge 
re. ins at zero. 

a £ J. 

home practice in turning oTi these switches ct the 
pro' er moment is requires, but the rhythm of the action 
is ve y obvious and a fev trills will indicate t.ie 
prooer moment. 
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A. wur’itiiry of '.'eats Con acted. 



) 3 . 



Da 



1 ^ 

^ ci- • 



1. bles . 

I. Cpeciien Data 
II, tiltinrten of Gpeci.aens 
III. Co lpc r icon of Rapid Load Ulti.u; ten 

A. Plots. 



^ • 



Concl lsioa. . 



A. uUa.i; ry oi' i’c: is Gon'u. i u 

After choosing the butt joint rpeci xer. cor.l i iral 1 o. 
as she. n in Jig. 1, the •: uthoi f withne. to co i_> c- the 
scatter of the test points with ; lc p joint s .cciien 
es used by the (hei‘ • 3), the rivet spacing 

and general c" ir.iensions of the joints being similar in 
all other respects. This tet. v: a con'ucied on speci- 
mens manufactured by the Cuggenhei.i Laboratory's/ by 
applying repeated rapid loadings of 199 pei rivet. 7 be 
results of this test are shown in i lot 1, in w.xich per- 
manent set per rivet is plotted against cycles oi lo> a 
applied. I’ro.n the results obtained it vm s ccacl wed 
that the butt type spec ’ aen reduced the test point see tier 
approximately bOg, and substantiated the assumption of 
the avert ging tbiliiy of the butt joint. 

The next series of tests were conducted to i et ermine 
the effect of the ti ie interval required to uj ply tne 
loid. hith the testing machine as constructed, it w? s 
only possible to t.^ply two different time intervals to 
max’ sum lot . The slow ti ie interval is obta ' neo by 
manually oner;, ting the regulator valve, tnv the time 
interval to obt; in mao: 1 lua loa.d is three seconds or raoro. 
The rapid tide interval to maximum load is accomplished 
by use of the solenoid operated pilot valve, and the 
ti ae interval is 0.038 Seconds or less. Testing machine 
operating procedure for the 1 e tes t3 is outlined in p^rt 
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IV-C2. pec ien c . o* one rivet dic.aeter ^a... two ..cot 
thicknesses, n.-nufo ctured hy • . aift cront -urces, were 
tended. Two or lore spec! xen Tor e ck t / - e to ^ > ere 
used to obtain i.ver ago values* 'The es xlts. of these 
test 3 were plotted to lo - i pot* rivet vs. per ii-.nont set 
per rivet in riots two, three, and lour* Toole IX is 
a tabular fora of the ultir . e values obtained frcji he? e 
tests and ult . .ute values as specified by r .\ 0-5 and the 
A.I.A.A. hir.ee ulti.n • -.c values civ on > ,r »a. 0-5 case the 
A, I. A. A* have a matcri;! safety factor of 1.15 incorporate.. , 
these valuer, as shown in Table II hrve been corrected by 
this amount. Table- II co ap? res the rapid loading ultimate 
with ixhC-5 and a.I.A.T. ulti a- te values corrected by the 
factor 1.15 as percentages of these values. 

The effects of repeated rapid loadings or. countersunk 
l/Q" rivets in 0.040" sheet was studied in the final pL: se 
of the investlyr + ion. The lot. cl per rivet was selected 
as 1J3 ", which corresponds to the A.I.A.A. yiela load 
for this rivet and sheet conbin. lion. The te. ting .-x: chine 
operating procedure for this te t is described in ?e t I »' 2, 

The results of the tests on 440-G speci ion are shown in 
Plots five, six, seven, eight, and nine in whicn the peiaia- 
nent set per rivet (e) is plotted against cycles of load ^n). 
The results o: tests on 440-1. spccinens are shown in Plots 

ten, eleven, twelve, and thirteen in which oer-.ic nent set 
per rivet (e) is plotted against c/cles of loan (n). 
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3. oec_ ion 



Ye y to I Cu'j l:i si or ’able I 



1. I’peci len To 



Rivet oize--first digit 

!';o linal cirtaeter of ri vet in tbir .y-.ecoactr. 
oi' an i . ch. 

Cheer th icier ose— tcconi ana thir ’ 3 if- its 

Jhicf.nesc of to^ sheet in thousands. oi < n 



^unuf c-ctured by — letter following :*rsU 
G- -Guggenheim aeronautics 1 Labor v t. ory 



p.. : nanent set carve}. 

( ) --Lo~d per rivet in lbs., nuaber signifies 
!TloX — ran lot.t ob t ned . 



Lougl 



ircr; ft Corrpc ny 



fype Joint 



3-- butt 



3. ’ye Test 



G--.’ eating Machine Calibration 



Lapi.l rate oi lo*. 
-•el Curve 



for Loao. vo 



eceateO* lo< d 



constant lot-din 



_»--Llov r< .0 cf lo- ding for Load vs. „ x. 
w et Curve 



4. Rivet Lo; d 
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Jiivet 
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C. Conclusions 



The tents car. acted n icat«c. th *. r he ult v te 
strength of rivete. joints is deoencient upon the ti me 
interval required to re. ch ti.e lord impose.. u^on the 
joint. This reduction in ulti arte ■ tr< ngtb , 4l s no hr.ov n 
explJ.nr.tion in terns of the m; te-mal bene vi or, and must 
be attributed to the acta, r of tne joint i + enll. The 
Guggenheim Laboratory p. e. Oj sot ci .n-r: > ere not man- 
ufactured with the best fabricating proocc n\. . nd 

control: this fact is reflected ir: the lo. ei slow load- 
ing ultimate of these joints. i : o' ever, ' ne ; id load- 
ing ulti late is only slightly lo - er Vi i tint of the 
jo'r.tr, prep* red by the Douglas .aircrj r t Co up ny un ci 
lore ' e: ir< ble manufacturing conditions. The single 
rivet size and two sheet co..o'n; r :ne u n if i st ur ad by 
the Douglas Aircraft Co ipany in ve their rr- id loading 
ult " .it tes within e’/ht ponds of one another. Ccnci er- 
ir.g the three c oeci icn grcuhs te. ted, ii a y a . c tin t 
the rapid loading ulti . 1 . te it pr :;r'ly >e en ent u ,or. 
the rivet size, end a further inve. tip; t i or. ol greater 
range of rivet size and shee. thic..ness conb. nations 
should be conducted. 

In all coec.ioer.r- t cares, to uh ir 'e strength, a»e 
rivets in the joint failed, ir; the spec! aer. \ 'th .040 
sheet me r eri s 1 , rivet f. - <1 .re v.as proceed c bp ver 
ir.sked cock r.<- of the rivet heid, a° s».o\n in i .21, 
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action 0. 
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* 9 l i l v. . L, sj 
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be 


pred c.c. 


fro t. «i 



3/t rctio of the joint, 'he?: pec i men. \1 th a chci-t 

thickness of . J51 vcre te led such coc ill n t ct i.rn 
of the rivet bead prior to fcilure was evi er.t. In t is 
case s small elongation o*' the rivet hole in the counter- 
sunk sheet was noted, indicating a very s..ic 11 amount oi 
bearing fail re wtr occurrin . However, in no case \ as 
the defor.u tion of the sheet 1. rge enougli to be noted 
until oft ej the rivet had failed, expos in; the sheet be- 
neath the countersunk rivet he?d. 

".’he effect of repeated i&pid lo> ds of 1JJ lbs. per 
rivet on the riveted joint is shoe n in Plots five tfrwu .. 
thirteen. In pert-ril, the pc me ent set ei t'ne joint 
increrser, cIoy.1v v.-'th the number of codes, but no in !•; - 
tion that the join, v.oulu event ally fail :ue t ; t 
of the rapid loadim: \ as found in so f; c t..e rar.nbe.' 
of cycles o:" lord was repeated. I’he r ,ec pen: aar. if; • aure. 

by the Guggenhei i ..aberet cries shoved tie rc. ence o i .\ o 
distinct ti ends of vnxrr.cn l set, but it is believed *..< i 
'he joints showing tac higher permanent set wei e incor- 
rectly ;anuf a ctur eti . 

It ic recommcn'' ed that fur then mvc tige ions enc sc 
a coipl- te rmre oi rivet. ter and sheet thickness 

co nV n.c. f . 1 ns oget'hor with t- e u e o: j am: iibricited 
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by r.u.j' rous lannuf actur rs; tic vucii «. o* the ti '.c 
interval to reach ra£.xi:au;a loud uhcul e Iso be iuclu. e 
in tin effort to fill in the &ap of imr. xti^n betv.t a 
a ti-ae lr.tervs 1 of 0.0 ."8 eecends end f sec r n'is. 
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A. Specimens 

]?ig. 1 Typical Flush Rivet Specimen 
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Machine 
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Prior to Failure 
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Failure 
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Load vs. Time Trace. 
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ELECTRONICS APPARATUS SCHEMATIC 
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Permanent Set or "Slip" in Countersunk 
Rivet Joint just Prior to Failure. 
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Typical Countersunk Rivet Joint Failure. 
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